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Abstract 
Korea Institute of Energy Research (KIER) has developed a high efficient chemical absorbent and economical process, named 
KIERSOLTM in 2012. Process design package of KIERSOLTM was transferred to Hyundai-Kia Motor Co. Ltd. on Sep. 12, 2012. 
And they were partly licensed to use KIERSOLTM absorbent and process, domestic application in the LNG flue gas. Although 
KIERSOLTM can be applied to many industries, like PC power plant, steel yard, cement factory and large scale industrial boiler, 
to capture CO2 in the concentration region of from 6 to 50% in the flow stream, we will show the superior results including data 
by several analyzing apparatus for application to LNG flue gas in this study. 
Especially, reboiler heat duty, that many researchers has emphasized on the most important value of CO2 capture process, was 
2.3~2.5 GJ/tCO2 by computer simulation results using PROMAX electrolyte model and 2.23~2.4 GJ/tCO2 by 30 Nm3/h bench 
scale process tests for 3 months at Hyundai Motor Namyang Institute. This value could be calculated by sum from heat of 
absorption, heat of water vaporization and sensible heat of absorbent, too.  
Recently, we will try to apply KIERSOLTM to another CO2 capture market like concentrated CO2 industries.  
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1. Introduction 
On May 9, 2013, NOAA (National Oceanic and Atmospheric Administration, USA) reported that the daily mean 
concentration of carbon dioxide in the atmosphere of Mauna Loa, Hawaii, surpassed 400 parts per million (ppm) for 
the first time since measurements began in 1958. Carbon dioxide pumped into the atmosphere by fossil fuel burning 
and other human activities is the most significant greenhouse gas contributing to climate change. To prevent from 
the threat of global warming, all nations must submit and clarify CO2 reduction target until to 2020 through COP 19 
held in Warsaw, Poland. CO2 capture and storage (CCS) is the most promising method to reduce greenhouse gas 
emissions for sustainable growth and moving into hydrogen society [1-3]. 
A wet absorption method, the one of the CO2 capture technologies, is mainly used to directly remove CO2 for 
large commercial plants such as power plant, iron industry, cement manufacturing plant and so on. KIERSOLTM
process is the similar wet absorption process like an aqueous amine solution process, too. That uses the aqueous 
mixture of potassium carbonate, chemical promoter and additives as a chemical absorbent for post-combustion. This 
technology was transferred to Hyundai-Kia Motor Company to remove CO2 in the car production facilities, it's like 
flue gas composition in the LNG boiler, on September 12, 2012.  
Recently, a bench scale KIERSOLTM process (30 Nm3/h) was used to remove CO2 in the LNG flue gas of 
Hyundai-Kia Namyang Institute for scale up to commercial CCU (CO2 capture in the car manufacturing facilities 
and utilization as a bio-fuel) online process. A positive CO2 reduction policy of Korean government, representing a 
30% reduction compared to its baseline forecast in 2020, will make the CO2 capture process scale of Hyundai-Kia 
accelerate commercialization.  
In this study, we compared the experimental results, limited to capturing process instead of overall explanation of 
CCU full package, with various commercial CO2 capture process. Especially, we tested reboiler heat duty, that many 
researchers has emphasized on the most important value of CO2 capture process, by computer simulation results 
using PROMAX electrolyte model and 30 Nm3/h bench scale process tests for 3 months at Hyundai Motor Namyang 
Engineering yard. Also, we measured the heat capacity for accurate sensible heat of absorbent.  
These values could be calculated by sum from heat of absorption, heat of water vaporization and sensible heat of 
absorbent, too.  
2. Experiment 
2.1. Absorbent and absorption mechanism 
The components of KIERSOL solution are water, potassium carbonate, promoter such as amines and inhibiter to 
protect corrosion. Potassium carbonate was selected as a main material because of many advantages like lower heat 
of absorption, cheaper than amine, low volatility, low toxicity in spite of slow absorption rate and medium corrosive 
material. An amine promoter helps fast absorption rate and desorption step. 
First, carbamate ion is made by amine promoter and bicarbonate ion is made during CO2 absorption through 
shuttle mechanism in the potassium ion bulk phase. A “shuttle mechanism” was proposed by Shrier and 
Danckwerts(1969) for amine type promoters at low temperature. In this mechanism the carbon dioxide reacts rapidly 
with dissolved amine by a second order reaction of the following type ;  
CO2 + RR’NH = RR’NCOO- + H+              (1)
Even with small amine concentrations in the solution, reaction (1) is significantly faster than single bicarbonate 
(HCO3-) formation reaction. The carbamate ion then diffuses into the bulk of the liquid where equilibrium is re-
established by reversal of reaction (1). CO2 released by the reverse reaction is consumed by bicarbonate formation 
reaction, and the resulting free amine can diffuse back to the interface to react with additional CO2 [5]. The key of 
absorbent is the composition ratio to prevent salt formation and promoter type to improve the absorption rate and 
heat duty of reboiler.  
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Fig. 1. KIERSOL for commercialization before and after CO2 absorption 
2.2. Performance test 
We tested the performance of KIERSOL by various experiment, Shell and CSTR type reactor for VLE (vapor-
liquid-equilibrium), wetted wall column test for measuring absorption rate[5], differential reaction calorimeter (DSC, 
SETARAM) for heat of absorption, reaction calorimeter (Micro DSC3 Evo, SETARAM) for heat capacity, density 
(DM40, Mettler Toledo), viscosity, electronic corrosion meter, H-NMR, C-NMR and bench scale process which is 
installed at Namyang engineering yard, Hyundai Motor Institute.  
Fig. 2. KIERSOL process at Hyundai Namyang plant yard (30 Nm3/h) 
The feed gas volume composition at Hyundai Namyang Engineering yard is CO2 (8%), N2 (72%), O2 (2%) and 
H2O (18%) (T : 110oC, P : 1.2 bar). 
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3. Results 
3.1. Performance of absorbent 
Core data of absorbent is concerning heat flow, because wet absorption process is similar to temperature swing 
adsorption process. Heat of reaction and heat capacity, that is representative heat data, was listed in Fig. 3 and Fig.4  
Fig. 3. DRC curves for reaction heat flow of KIERSOL 
Fig. 4. Heat capacity fittings of fresh and loaded KIERSOL 
T im e  (m in )












3 1 2 .4
3 1 2 .6
3 1 2 .8
3 1 3 .0
3 1 3 .2
3 1 3 .4
3 1 3 .6
3 1 3 .8
3 1 4 .0




2 7 2 .8
2 7 3 .0
2 7 3 .2
2 7 3 .4
2 7 3 .6
2 7 3 .8
2 7 4 .0
2 7 4 .2
2 7 4 .4
R e fe re n c e
M e a s u re m e n t
D if fe re n t ia l
5Vg"
 Yeo Il Yoon et al. /  Energy Procedia  63 ( 2014 )  1745 – 1750 1749
Heat of absorption between absorbent and CO2 is exothermic process. In Fig.3, we can find the curve of heat of 
absorption during test using DRC, that measures differential heat of sample and reference for accuracy such as 
mixing heat, conduction loss, differential temperature between gas and liquid and so on. Heat of absorption data can 
be acquired by integration of curved area. Heat of absorption was 1.36 GJ/tCO2 (KIERSOL) in comparison with 
1.90 GJ/tCO2 (MEA 30wt% aqueous solution) 
Reboiler heat duty can be acquired by doing sum from heat of absorption, sensible heat of absorbent and latent 
heat of water as a solvent. Therefore we must heat capacity data for calculating sensible heat like Fig. 4. Fig. 4 
shows that the Cp increases as temperature increases. We summarized the experimental data of Cp and CO2 loading 
by function of promoter concentration at Table 1. CO2 loading of KIERSOL is higher than that of MEA 30wt% 
solution. As promoter concentration increased (from KIERSOL a to KIERSOL c), CO2 loading decreased.  
 Experimental equation of Cp of KIERSOL is as follows ;  
Cp (kJ/kg.K) = 0.0023 + 0.0032T 
This equation can be applied to simulation and process design, especially reboiler and condenser design.  
Table 1. Cp and loading capacity of fresh and loaded KIERSOL 
We can calculate reboiler heat duty using upper data and PROMAX software. As a result, the reboiler heat duty 
of KIERSOL is 2.3~2.5 GJ/tCO2 according to performance of heat exchanger.  
3.2. Performance of process 
Low CO2 concentration in the LNG flue gas needs protection of water loss and accurate control of L/G value.  
Because most of flue gases after incineration of LNG are SO2 free, we do not install pretreatment process before 
KIERSOL, 30Nm3/h, process of Hyundai Namyang engineering yard. After three months operation, we can acquire 
the data as follows ; 
CO2 recovery (%) : 95 
Reboiler heat duty (GJ/tCO2) : 2.23~2.4 
Absorbent make up (kg/tCO2) : 0 
L/G mole ration : 3.0~3.2 
Product CO2 (%) : 99.999 
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4. Conclusion 
We concluded that heat value of KIERSOLTM shows excellent performance throughout a series of tests from 
analyzer to large scale process.  
We can acquire similar data between theoretical analysis and experimental results for heat data;  
Calculated reboiler heat duty (GJ/tCO2) : 2.3~2.5 
Experimental reboiler heat duty (GJ/tCO2) : 2.23~2.4
We can protect absorbent loss for 3 months operation because of no make up. 
After bench scale tests, recovery of CO2 is 95% and concentration of product CO2  is 99.999%.  
We will try to apply KIERSOLTM to another CO2 capture market like concentrated CO2 industries for fast CCS 
commercialization in Korea.  
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